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SIGNAL TRANSMISSION/RECEPTION
METHOD ASSOCIATED WITH PLATOON
COMMUNICATION IN WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage filing under 335
U.S.C. 371 of International Application No. PCT/KR2017/
007968, filed on Jul. 25, 2017, which claims the benefit of
U.S. Provisional Application No. 62/368,154, filed on Jul.

28, 2016, the contents of which are all hereby incorporated
by reference herein in their entirety.

TECHNICAL FIELD

Following description relates to a wireless communica-
tion system, and more particularly, to a method of transmait-
ting and receiving a signal 1n a terminal group moving by
forming a platoon and an apparatus therefor.

BACKGROUND ART

Wireless commumnication systems have been widely
deployed to provide various types of communication ser-
vices such as voice or data. In general, a wireless commu-
nication system 1s a multiple access system that supports
communication of multiple users by sharing available sys-
tem resources (a bandwidth, transmission power, etc.)
among them. For example, multiple access systems 1nclude
a code division multiple access (CDMA) system, a Ire-
quency division multiple access (FDMA) system, a time
division multiple access (IDMA) system, an orthogonal
frequency division multiple access (OFDMA) system, a
single carrier Ifrequency division multiple access (SC-
FDMA) system, and a multi-carrier frequency division mul-
tiple access (MC-FDMA) system.

Device-to-device (D2D) communication 1s a communi-
cation scheme 1n which a direct link 1s established between
user equipments (UEs) and the UEs exchange voice and data
directly without intervention of an evolved Node B (eNB).
D2D communication may cover UE-to-UE communication
and peer-to-peer communication. In addition, D2D commu-
nication may be applied to machine-to-machine (M2M)
communication and machine type communication (MTC).

D2D communication 1s under consideration as a solution
to the overhead of an eNB caused by rapidly increasing data
traflic. For example, since devices exchange data directly
with each other without intervention of an eNB by D2D
communication, compared to legacy wireless communica-
tion, network overhead may be reduced. Further, it 1s
expected that the mtroduction of D2D communication will
reduce procedures of an eNB, reduce the power consump-
tion of devices participating i D2D communication,
increase data transmission rates, increase the accommoda-
tion capability of a network, distribute load, and extend cell
coverage.

At present, vehicle-to-everything (V2X) communication
in conjunction with D2D commumnication 1s under consid-
eration. In concept, V2X communication covers vehicle-to-
vehicle (V2V) commumnication, vehicle-to-pedestrian (V2P)
communication for communication between a vehicle and a
different kind of terminal, and vehicle-to-infrastructure
(V2]) communication for communication between a vehicle

and a roadside umt (RSU).
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2
DISCLOSURE OF THE INVENTION

Technical Tasks

A technical task of the present mnvention 1s to provide a
method of transmitting and receiving a signal 1n a terminal
group moving by forming a platoon, a method of allocating
a resource to terminals belonging to a terminal group, a
method of selecting, transmitting, and receiving a resource
ol a terminal joining/leaving a group, eftc.

It will be appreciated by persons skilled 1n the art that the
objects that could be achieved with the present disclosure
are not limited to what has been particularly described
hereinabove and the above and other objects that the present
disclosure could achieve will be more clearly understood
from the following detailed description.

Technical Solution

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, according to one embodiment, a method
of transmitting and receirving a platoon communication-
related signal, which 1s transmitted and received by a first
terminal 1n a wireless communication system, includes the
steps of receiving group resource pool information of a
terminal group, which moves by forming a platoon, select-
ing a sub-pool to be used by the first terminal from a group
resource pool based on the group resource pool information,
and transmitting and receiving a signal with at least one or
more terminals among terminals belonging to the terminal
group via the selected sub-pool.

To further achieve these and other advantages and 1in
accordance with the purpose of the present invention,
according to a diflerent embodiment, a first terminal trans-
mitting and recerving a platoon communication-related sig-
nal 1n a wireless communication system includes a trans-
mitter and receiver, and a processor, the processor
configured to receive group resource pool mnformation of a
terminal group, which moves by forming a platoon, via the
receiver, the processor configured to select a sub-pool to be
used by the first terminal from a group resource pool based
on the group resource pool information, the processor con-
figured to transmit and receive a signal with at least one or
more terminals among terminals belonging to the terminal
group via the selected sub-pool.

The group resource pool may correspond to a plurality of
sub-pools on which time division multiplexing (TDM) 1s
performed.

The group resource pool information can be periodically
signaled by a leader terminal of the terminal group.

A period of the periodically signaled group resource pool
information may be longer than a message transmission
period within the terminal group.

The method can further include the step of transmitting,
by the first terminal, a joining request to the terminal group.

The group resource pool information can be transmitted
by a terminal, which has received the joiming request, in
response to the joiming request.

The sub-pool to be used by the first terminal can be
selected based on a physical location of the first terminal 1n
the terminal group.

Information on the sub-pool selected by the first terminal
can be periodically signaled to terminals belonging to a
group.

When the periodically signaled information on the sub-
pool of the first terminal 1s not received during a predeter-
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mined time period, a second terminal can determine that the
first terminal has left a group.

When the first terminal leaves the group, the sub-pool
selected by the first terminal can be selected by a third
terminal.

The sub-pool to be used by the first terminal may corre-

spond to a sub-pool of which a lowest energy 1s measured 1n
the group resource pool.

The first terminal can move together with the terminal
group by forming a platoon by transmitting and receiving
the signal.

Advantageous Ellects

According to the present invention, 1t 1s able to allocate a
resource to a terminal group while a half-duplex problem 1s
solved and it 1s able to elliciently perform resource alloca-
tion/management of a terminal joining/leaving the terminal
group.

It will be appreciated by persons skilled 1n the art that the
objects that could be achieved with the present invention are
not limited to what has been particularly described herein-
above and other objects that the present invention could
achieve will be more clearly understood from the following
detailed description.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the present invention and are
incorporated in and constitute a part of this application,
illustrate embodiments of the present invention and together
with the description serve to explain the principle of the
disclosure. In the drawings:

FIG. 1 1s a view 1llustrating the structure of a radio frame;

FIG. 2 1s a view 1llustrating a resource grid during the
duration of one downlink slot;

FIG. 3 1s a view 1illustrating the structure of a downlink
subframe;

FIG. 4 1s a view 1llustrating the structure of an uplink
subframe:

FIG. 5 15 a view 1llustrating the configuration of a wireless
communication system having multiple antennas;

FIG. 6 1s a view illustrating a subirame carrying a
device-to-device (D2D) synchronization signal;

FI1G. 7 1s a view 1illustrating relay of a D2D signal;

FIG. 8 1s a view 1llustrating an exemplary D2D resource
pool for D2D communication;

FI1G. 9 1s a view 1llustrating a scheduling assignment (SA)
period;

FIG. 10 1s a diagram 1llustrating a terminal group which
has formed a platoon;

FIG. 11 1s a diagram for explaining a resource structure/
allocation according to an embodiment of the present inven-
tion;

FIG. 12 1s a diagram 1illustrating configurations of a
transmission apparatus and a reception apparatus.

BEST MOD.

L1

Mode for Invention

The embodiments of the present disclosure described
hereinbelow are combinations of elements and features of
the present disclosure. The elements or features may be
considered selective unless otherwise mentioned. Each ele-
ment or feature may be practiced without being combined
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4

with other elements or features. Further, an embodiment of
the present disclosure may be constructed by combining
parts of the elements and/or features. Operation orders
described 1n embodiments of the present disclosure may be
rearranged. Some constructions or features of any one
embodiment may be included 1in another embodiment and
may be replaced with corresponding constructions or fea-
tures ol another embodiment.

In the embodiments of the present disclosure, a descrip-
tion 1s made, centering on a data transmission and reception
relationship between a base station (BS) and a user equip-
ment (UE). The BS 1s a terminal node of a network, which
communicates directly with a UE. In some cases, a specific
operation described as performed by the BS may be per-
formed by an upper node of the BS.

Namely, 1t 1s apparent that, 1n a network comprised of a
plurality of network nodes including a BS, various opera-
tions performed for commumication with a UE may be
performed by the BS or network nodes other than the BS.
The term ‘BS” may be replaced with the term ‘fixed station’,
‘Node B’, ‘evolved Node B (eNode B or eNB)’, “‘Access
Point (AP)’, etc. The term ‘relay’ may be replaced with the
term ‘relay node (RN) or ‘relay station (RS)’. The term
‘terminal’ may be replaced with the term ‘UE’, ‘mobile
station (MS)’, ‘mobile subscriber station (MSS)’, ‘sub-
scriber station (SS)’, efc.

The term *““cell”, as used herein, may be applied to
transmission and reception points such as a base station
(eNB), a sector, a remote radio head (RRH), and a relay, and
may also be extensively used by a specific transmission/
reception point to distinguish between component carriers.

Specific terms used for the embodiments of the present
disclosure are provided to help the understanding of the
present disclosure. These specific terms may be replaced
with other terms within the scope and spirit of the present
disclosure.

In some cases, to prevent the concept of the present
disclosure from being ambiguous, structures and appara-
tuses of the known art will be omitted, or will be shown 1n
the form of a block diagram based on main functions of each
structure and apparatus. Also, wherever possible, the same
reference numbers will be used throughout the drawings and
the specification to refer to the same or like parts.

The embodiments of the present disclosure can be sup-
ported by standard documents disclosed for at least one of
wireless access systems, Institute of Flectrical and Electron-
ics Engineers (IEEE) 802, 3rd Generation Partnership Proj-
ect (3GPP), 3GPP long term evolution (3GPP LTE), LTE-
advanced (LTE-A), and 3GPP2. Steps or parts that are not
described to clarily the technical features of the present
disclosure can be supported by those documents. Further, all
terms as set forth herein can be explained by the standard
documents.

Techniques described herein can be used i various wire-
less access systems such as code division multiple access
(CDMA) frequency division multiple access (FDMA), time
division multiple access (ITDMA), orthogonal frequency
division multiple access (OFDMA), single carrier-frequency
division multiple access (SC-FDMA), etc. CDMA may be
implemented as a radio technology such as universal terres-
trial radio access (UTRA) or CDMA2000. TDMA may be
implemented as a radio technology such as global system for
mobile communications (GSM)/general packet radio service
(GPRS)/Enhanced Data Rates for GSM Evolution (EDGE).
OFDMA may be implemented as a radio technology such as
IEEE 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE
802.20, evolved-UTRA (E-UTRA) etc. UTRA 1s a part of
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universal mobile telecommunications system (UMTS).
3GPP LTE 1s a part of Evolved UMTS (E-UMTS) using

E-UTRA. 3GPP LTE employs OFDMA for downlink and
SC-FDMA for uplink. LTE-A 1s an evolution of 3GPP LTE.
WiIMAX can be described by the IEEE 802.16¢ standard
(wireless metropolitan area network (WirelessMAN)-
OFDMA Reference System) and the IEEE 802.16m stan-
dard (WirelessMAN-OFDMA Advanced System). For clar-
ity, this application focuses on the 3GPP LTE and LTE-A
systems. However, the technical features of the present
disclosure are not limited thereto.

LTE/LLTE-A Resource Structure/Channel

With reference to FIG. 1, the structure of a radio frame

will be described below.
In a cellular orthogonal frequency division multiplexing
(OFDM) wireless packet commumnication system, uplink
and/or downlink data packets are transmitted 1n subframes.
One subirame 1s defined as a predetermined time period
including a plurality of OFDM symbols. The 3GPP L1TE
standard supports a type-1 radio frame structure applicable
to frequency division duplex (FDD) and a type-2 radio
frame structure applicable to time division duplex (TDD).

FIG. 1(a) illustrates the type-1 radio frame structure. A
downlink radio frame 1s divided into 10 subirames. Each
subiframe 1s further divided into two slots in the time
domain. A unit time during which one subirame 1s trans-
mitted 1s defined as a transmission time interval (T'T1). For
example, one subiframe may be 1 ms in duration and one slot
may be 0.5 ms in duration. A slot includes a plurality of
OFDM symbols 1n the time domain and a plurality of
resource blocks (RBs) 1n the frequency domain. Because the
3GPP LTE system adopts OFDMA for downlink, an OFDM
symbol represents one symbol period. An OFDM symbol
may be referred to as an SC-FDMA symbol or symbol
period. An RB 1s a resource allocation umt including a
plurality of contiguous subcarriers in a slot.

The number of OFDM symbols 1n one slot may vary
depending on a cyclic prefix (CP) configuration. There are
two types of CPs: extended CP and normal CP. In the case
of the normal CP, one slot includes 7 OFDM symbols. In the
case of the extended CP, the length of one OFDM symbol 1s
increased and thus the number of OFDM symbols 1n a slot
1s smaller than in the case of the normal CP. Thus when the
extended CP 1s used, for example, 6 OFDM symbols may be
included 1n one slot. If channel state gets poor, for example,
during fast movement of a UE, the extended CP may be used
to further decrease inter-symbol intertference (ISI).

In the case of the normal CP, one subirame includes 14
OFDM symbols because one slot includes 7 OFDM sym-
bols. The first two or three OFDM symbols of each subirame
may be allocated to a physical downlink control channel
(PDCCH) and the other OFDM symbols may be allocated to
a physical downlink shared channel (PDSCH).

FIG. 1(b) 1illustrates the type-2 radio frame structure. A
type-2 radio frame includes two half frames, each having 5
subiframes, a downlink pilot time slot (DwPTS), a guard
period (GP), and an uplink pilot time slot (UpPTS). Each
subirame 1s divided 1nto two slots. The DwPTS 1s used for
initial cell search, synchronization or channel estimation at
a UE. The UpPTS 1s used for channel estimation and
acquisition of uplink transmission synchronization to a UE
at an eNB. The GP i1s a period between an uplink and a
downlink, which eliminates uplink interference caused by
multipath delay of a downlink signal. One subirame
includes two slots 1rrespective of the type of a radio frame.
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The above-described radio frame structures are purely
exemplary and thus 1t 1s to be noted that the number of
subframes 1n a radio frame, the number of slots 1n a
subirame, or the number of symbols 1n a slot may vary.

FI1G. 2 illustrates the structure of a downlink resource grid
for the duration of one downlink slot. A downlink slot
includes 7 OFDM symbols 1n the time domain and an RB
includes 12 subcarriers in the frequency domain, which does
not limit the scope and spirit of the present disclosure. For
example, a downlink slot may include 7 OFDM symbols 1n
the case of the normal CP, whereas a downlink slot may
include 6 OFDM symbols 1n the case of the extended CP.
Each element of the resource grid 1s referred to as a resource
clement (RE). An RB includes 12x7 REs. The number of
RBs in a downlink slot, NDL depends on a downlink
transmission bandwidth. An uplink slot may have the same
structure as a downlink slot.

FIG. 3 1illustrates the structure of a downlink subirame.
Up to three OFDM symbols at the start of the first slot 1n a
downlink subirame are used for a control region to which
control channels are allocated and the other OFDM symbols
of the downlink subirame are used for a data region to which
a PDSCH 1s allocated. Downlink control channels used 1n
the 3GPP LTE system include a physical control format
indicator channel (PCFICH), a physical downlink control
channel (PDCCH), and a physical hybrid automatic repeat
request (HARQ) indicator channel (PHICH). The PCFICH
1s located 1n the first OFDM symbol of a subirame, carrying
information about the number of OFDM symbols used for
transmission of control channels in the subframe. The
PHICH delivers an HARQ acknowledgment/negative
acknowledgment (ACK/NACK) signal 1n response to an
uplink transmission. Control information carried on the
PDCCH 1s called downlink control information (DCI). The
DCI transports uplink or downlink scheduling information,
or uplink transmission power control commands for UE
groups. The PDCCH delivers information about resource
allocation and a transport format for a downlink shared
channel (DL-SCH), resource allocation information about
an uplink shared channel (UL-SCH), paging information of
a paging channel (PCH), system information on the DL-
SCH, information about resource allocation for a higher-
layer control message such as a Random Access Response
transmitted on the PDSCH, a set of transmission power
control commands for individual UEs of a UE group,
transmission power control information, voice over Internet
protocol (VoIP) activation information, etc. A plurality of
PDCCHs may be transmitted in the control region. A UE
may monitor a plurality of PDCCHs. A PDCCH 1s formed
by aggregating one or more consecutive control channel
clements (CCEs). A CCE 1s a logical allocation unit used to
provide a PDCCH at a coding rate based on the state of a
radio channel. A CCE includes a plurality of RE groups. The
format of a PDCCH and the number of available bits for the
PDCCH are determined according to the correlation
between the number of CCEs and a coding rate provided by
the CCEs. An eNB determines the PDCCH format according
to DCI transmitted to a UE and adds a cyclic redundancy
check (CRC) to control information. The CRC 1s masked by
an i1dentifier (ID) known as a radio network temporary
identifier (RNTI) according to the owner or usage of the
PDCCH. If the PDCCH 1s directed to a specific UE, 1ts CRC
may be masked by a cell-RNTI (C-RNTI) of the UE. If the
PDCCH 1s for a paging message, the CRC of the PDCCH
may be masked by a paging indicator Identifier (P-RNTT). IT
the PDCCH carries system information, particularly, a sys-
tem 1nformation block (SIB), 1ts CRC may be masked by a
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system information ID and a system information RNTI
(SI-RNTT). To indicate that the PDCCH carries a random
access response 1n response to a random access preamble
transmitted by a UE, its CRC may be masked by a random
access-RNTIT (RA-RNTI).

FI1G. 4 1llustrates the structure of an uplink subframe. An
uplink subframe may be divided into a control region and a
data region 1n the frequency domain. A physical uplink
control channel (PUCCH) carrying uplink control informa-
tion 1s allocated to the control region and a physical uplink
shared channel (PUSCH) carrying user data 1s allocated to
the data region. To maintain the property of a single carrier,
a UE does not transmit a PUSCH and a PUCCH simulta-
neously. A PUCCH for a UE 1s allocated to an RB pair in a
subiframe. The RBs of the RB pair occupy diflerent subcar-
riers 1n two slots. Thus 1t 1s said that the RB pair allocated
to the PUCCH 1s frequency-hopped over a slot boundary.

Reference Signal (RS)

In a wireless communication system, a packet 1s trans-
mitted on a radio channel. In view of the nature of the radio
channel, the packet may be distorted during the transmis-
sion. To receive the signal successtully, a receiver should
compensate for the distortion of the received signal using
channel information. Generally, to enable the receiver to
acquire the channel information, a transmitter transmits a
signal known to both the transmitter and the receiver and the
receiver acquires knowledge of channel information based
on the distortion of the signal received on the radio channel
This signal 1s called a pilot signal or an RS.

In the case of data transmission and reception through
multiple antennas, knowledge of channel states between
transmission (IX) antennas and reception (RX) antennas 1s
required for successiul signal reception. Accordingly, an RS
should be transmitted through each Tx antenna.

RSs may be divided into downlink RSs and uplink RSs.
In the current LTE system, the uplink RSs include:

1) Demodulation-reference signal (DM-RS) used for
channel estimation for coherent demodulation of informa-
tion delivered on a PUSCH and a PUCCH; and

11) Sounding reference signal (SRS) used for an eNB or a
network to measure the quality of an uplink channel 1n a

different frequency.

The downlink RSs are categorized into:

1) Cell-specific reference signal (CRS) shared among all
UEs of a cell;

11) UE- spemﬁc RS dedicated to a specific UE;

111) DM-RS used for coherent demodulation of a PDSCH,
when the PDSCH 1s transmuitted;

1v) Channel state information-reference signal (CSI-RS)
carrying CSI, when downlink DM-RSs are transmitted;

v) Multimedia broadcast single Irequency network
(MBSFEN) RS used for coherent demodulation of a signal
transmitted 1n MBSFN mode; and

v1) Positioning RS used to estimate geographical position
information about a UE.

RSs may also be divided into two types according to their
purposes: RS for channel information acquisition and RS for
data demodulation. Since 1ts purpose lies i that a UE
acquires downlink channel information, the former should
be transmitted 1n a broad band and received even by a UE
that does not recetve downlink data 1n a specific subirame.
This RS 1s also used 1n a situation like handover. The latter

1s an RS that an eNB transmits along with downlink data 1n
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specific resources. A UE can demodulate the data by mea-
suring a channel using the RS. This RS should be transmitted
in a data transmission area.

Modeling of MIMO System

FIG. § 1s a diagram 1illustrating a configuration of a
wireless communication system having multiple antennas.

As shown 1n FIG. 5(a), if the number of Tx antennas 1s
increased to N and the number of Rx antennas 1s increased
to N5, a theoretical channel transmission capacity 1s
increased 1n proportion to the number of antennas, unlike the
case where a plurality of antennas 1s used in only a trans-
mitter or a receiver. Accordingly, 1t 1s possible to 1mpr0ve a
transfer rate and to remarkably improve frequency eil-
ciency. As the channel transmission capacity 1s increased,
the transier rate may be theoretically increased by a product
of a maximum transier rate Ro upon utilization of a single
antenna and a rate increase ratio Ri.

R=mun(Np Nz)

[Equation 1]

For instance, 1n an MIMO communication system, which
uses four Tx antennas and four RxX antennas, a transmission
rate four times higher than that of a single antenna system
can be obtained. Since this theoretical capacity increase of
the MIMO system has been proved in the middle of 1990s,
many ongoing etlorts are made to various techniques to
substantially improve a data transmission rate. In addition,
these techniques are already adopted 1n part as standards for
various wireless communications such as 3G mobile com-
munication, next generation wireless LAN, and the like.

The trends for the MIMO relevant studies are explained as
follows. First of all, many ongoing eflorts are made 1n
various aspects to develop and research information theory
study relevant to MIMO communication capacity calcula-
tions and the like in various channel configurations and
multiple access environments, radio channel measurement
and model derivation study for MIMO systems, spatiotem-
poral signal processing technique study for transmission
reliability enhancement and transmission rate improvement
and the like.

In order to explain a communicating method in an MIMO
system 1n detail, mathematical modeling can be represented
as follows. It 1s assumed that there are N 'Tx antennas and
N, Rx antennas.

Regarding a transmitted signal, 11 there are N 'Tx anten-
nas, the maximum number of pieces of information that can
be transmitted 1s N.,. Hence, the transmission information
can be represented as shown in Equation 2.

[Equation 2]

Meanwhile, transmit powers can be set different from
cach other for individual pieces of transmission imnformation
S5 825 - -« 5 S, Fespectively. If the transmit powers are set
to Py, Py, ..., Py, respectively, the transmission information
with adjusted transmit powers can be represented as Equa-
tion 3.

§=[58,, §&, . .., Equation 3
1, 52 q

In addition, S can be represented as Equation 4 using
diagonal matrix P of the transmission power.

P, 0 51 |Equation 4]
P, 52
S = = Ps
0 PNT SNT
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Assuming a case of configuring N - transmitted signals x,,
Xy - - - s X, Which are actually transmitted, by applying
weight matrix W to the information vector S having the
adjusted transmit powers, the weight matrix W serves to
approprately distribute the transmission information to each
antenna according to a transport channel state. x;, X,, . . .,
Xy, can be expressed by using the vector X as follows.

x = |Equation 3]
X wir o w2 Winy || S
X2 war W22 WanT 52
— . = Ws =WPs
Aj Wil Wiz WiNg Sj
WNr L Whpr Warp2 - Wapap || S

In Equation 5, W, denotes a weight between an i” Tx

antenna and j” information. W is also called a precoding

matrix.

If the N, Rx antennas are present, respective recerved
signals y,, y,, . . ., ¥y, 0f the antennas can be expressed as
follows.

[Equation 6]

If channels are modeled 1n the MIMO wireless commu-
nication system, the channels may be distinguished accord-
ing to Tx/Rx antenna indexes. A channel from the Tx
antenna j to the Rx antenna 1 1s denoted by h,.. In h,;, 1t 1s
noted that the indexes of the Rx antennas precede the
indexes of the Tx antennas 1n view of the order of indexes.

FIG. 5(b) 1s a diagram 1illustrating channels from the N,
Tx antennas to the Rx antenna 1. The channels may be

combined and expressed in the form of a vector and a matrix.
In FIG. 5(b), the channels from the N.. Tx antennas to the Rx

antenna 1 can be expressed as follows.
hi=[h,, ho, ..., [Equation 7]

Accordingly, all channels from the N Tx antennas to the
N, Rx antennas can be expressed as follows.

|Equation 8]

T 1 . _
iy hir bz ANy
Iy ho1 B2z han
H = =
h! Al A N
h;;{' _hNE‘l hNRZ hNRNT |

An AWGN (Additive White Gaussian Noise) 1s added to
the actual channels after a channel matrix H. The AWGN n,,
n,, ..., n, respectively added to the Nz Rx antennas can
be expressed as follows.

[Equation 9]

Through the above-described mathematical modeling, the
received signals can be expressed as follows.
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B C hiy A o X1 n [Equation 10]
¥2 CIN Y hang || *2 1o
y - - + —
Vi My i Ring || i )
IYNR | | Bvgl Bng2 AN Ny |L¥NT INg
Hx+n

Meanwhile, the number of rows and columns of the
channel matrix H indicating the channel state 1s determined
by the number of Tx and Rx antennas. The number of rows
of the channel matrix H 1s equal to the number N, of Rx
antennas and the number of columns thereot 1s equal to the
number N~ of Tx antennas. That is, the channel matrix H 1s
an N,xN_, matrix.

The rank of the matrnix 1s defined by the smaller of the
number of rows and the number of columns, which are
independent from each other. Accordingly, the rank of the
matrix 1s not greater than the number of rows or columns
The rank rank(H) of the channel matrix H 1s restricted as
follows.

rank(H)=min(Ny Np) [Equation 11]

Additionally, the rank of a matrix can also be defined as
the number of non-zero Eigen values when the matrix 1s
Eigen-value-decomposed. Similarly, the rank of a matrix can
be defined as the number of non-zero singular values when
the matrix 1s singular-value-decomposed. Accordingly, the
physical meaning of the rank of a channel matrix can be the
maximum number of channels through which different
pieces ol information can be transmitted.

In the description of the present document, ‘rank’ for
MIMO transmission indicates the number of paths capable
of sending signals independently on specific time and fre-
quency resources and ‘number of layers’ indicates the num-
ber of signal streams transmitted through the respective
paths. Generally, since a transmitting end transmits the
number of layers corresponding to the rank number, one
rank has the same meaning of the layer number unless
mentioned specially.

Synchronization Acquisition of D2D UE

Now, a description will be given of synchronization
acquisition between UEs 1 D2D communication based on
the foregoing description 1n the context of the legacy LTE/
LTE-A system. In an OFDM system, 1 time/frequency
synchronization 1s not acquired, the resulting inter-cell inter-
terence (ICI) may make 1t impossible to multiplex difierent
UEs m an OFDM signal. If each individual D2D UE
acquires synchronization by transmitting and receiving a
synchronization signal directly, this 1s mneflicient. In a dis-
tributed node system such as a D2D communication system,
therefore, a specific node may transmit a representative
synchronization signal and the other UEs may acquire
synchronization using the representative synchronization
signal. In other words, some nodes (which may be an eNB,
a UE, and a synchronization reference node (SRN, also
referred to as a synchronization source)) may transmit a
D2D synchronization signal (D2DSS) and the remaining
UEs may transmit and receive signals in synchromization
ith the D2DSS.
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D2DSSs may include a primary D2DSS (PD2DSS) or a
primary sidelink synchronization signal (PSSS) and a sec-

ondary D2DSS (SD2DSS) or a secondary sidelink synchro-
nization signal (SSSS). The PD2DSS may be configured to
have a similar/modified/repeated structure of a Zadoil-chu

sequence of a predetermined length or a primary synchro-
nization signal (PSS). Unlike a DL PSS, the PD2DSS may

use a different Zadoil-chu root index (e.g., 26, 37). And, the
SD2DSS may be configured to have a similar/modified/
repeated structure of an M-sequence or a secondary syn-

chronization signal (SSS). If UEs synchronize their timing
with an eNB, the eNB serves as an SRN and the D2DSS 1s

a PSS/SSS. Unlike PSS/SSS of DL, the PD2DSS/SD2DSS
follows UL subcarrier mapping scheme. FIG. 6 shows a
subirame 1n which a D2D synchromization signal 1s trans-
mitted. A physical D2D synchronization channel
(PD2DSCH) may be a (broadcast) channel carrying basic
(system) mformation that a UE should first obtain before
D2D signal transmission and reception (e.g., D2DSS-related
information, a duplex mode (DM), a TDD UL/DL configu-
ration, a resource pool-related information, the type of an
application related to the D2DSS, etc.). The PD2DSCH may
be transmitted 1n the same subirame as the D2DSS or 1n a
subirame subsequent to the frame carrying the D2DSS. A
DMRS can be used to demodulate the PD2DSCH.

The SRN may be a node that transmits a D2DSS and a
PD2DSCH. The D2DSS may be a specific sequence and the
PD2DSCH may be a sequence representing specific infor-
mation or a codeword produced by predetermined channel
coding. The SRN may be an eNB or a specific D2D UE. In
the case of partial network coverage or out of network
coverage, the SRN may be a UE.

In a situation illustrated 1 FIG. 7, a D2DSS may be
relayed for D2D communication with an out-of-coverage
UE. The D2DSS may be relayed over multiple hops. The
following description 1s given with the appreciation that
relay of an SS covers transmission of a D2DSS 1n a separate
format according to a SS reception time as well as direct
amplify-and-forward (AF)-relay of an SS transmitted by an
eNB. As the D2DSS 1s relayed, an in-coverage UE may
communicate directly with an out-of-coverage UE.

D2 Resource Pool

FIG. 8 shows an example of a first UE (UE1), a second
UE (UE2) and a resource pool used by UE1 and UE2
performing D2D communication. In FIG. 8(a), a UE corre-
sponds to a terminal or such a network device as an eNB
transmitting and receiving a signal according to a D2D
communication scheme. A UE selects a resource unit cor-
responding to a specific resource from a resource pool
corresponding to a set of resources and the UE transmits a
D2D signal using the selected resource unit. UE2 corre-
sponding to a receiving UE receives a configuration of a
resource pool in which UE1 1s able to transmit a signal and
detects a signal of UE1 in the resource pool. In this case, 1
UE1 1s located at the 1inside of coverage of an eNB, the eNB
can inform UE1 of the resource pool. ITf UFE1 1s located at the
outside of coverage of the eNB, the resource pool can be
informed by a different UE or can be determined by a
predetermined resource. In general, a resource pool includes
a plurality of resource units. A UE selects one or more
resource units from among a plurality of the resource units
and may be able to use the selected resource unit(s) for D2D
signal transmission. FIG. 8(5) shows an example of config-
uring a resource unit. Referring to FIG. 8(b), the entire
frequency resources are divided into the N, number of
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resource units and the entire time resources are divided 1nto
the N, number of resource units. In particular, 1t 1s able to
define N -*N _number of resource units in total. In particular,
a resource pool can be repeated with a period of N
subirames. Specifically, as shown 1 FIG. 8, one resource
unit may periodically and repeatedly appear. Or, an index of
a physical resource unit to which a logical resource unit 1s
mapped may change with a predetermined pattern according
to time to obtain a diversity gain in time domain and/or
frequency domain. In this resource unit structure, a resource
pool may correspond to a set of resource units capable of
being used by a UE imtending to transmit a D2D signal.

A resource pool can be classified into various types. First
of all, the resource pool can be classified according to
contents of a D2D signal transmitted via each resource pool.
For example, the contents of the D2D signal can be classi-
fied nto various signals and a separate resource pool can be
configured according to each of the contents. The contents of
the D2D signal may include a scheduling assignment (SA or
physical sidelink control channel (PSCCH)), a D2D data
channel, and a discovery channel. The SA may correspond
to a signal including information on a resource position of a
D2D data channel, information on a modulation and coding
scheme (MCS) necessary for modulating and demodulating
a data channel, information on a MIMO transmission
scheme, information on a timing advance (TA), and the like.
The SA signal can be transmitted on an identical resource
unit 1n a manner of being multiplexed with D2D data. In this
case, an SA resource pool may correspond to a pool of
resources that an SA and D2D data are transmitted 1in a
manner of being multiplexed. The SA signal can also be

referred to as a D2D control channel or a physical sidelink
control channel (PSCCH). The D2D data channel (or, physi-

cal sidelink shared channel (PSSCH)) corresponds to a
resource pool used by a transmitting UE to transmit user
data. If an SA and a D2D data are transmitted 1n a manner
of being multiplexed 1n an 1dentical resource unit, D2D data
channel except SA information can be transmitted only 1n a
resource pool for the D2D data channel In other word, REs,
which are used to transmit SA mmformation 1 a specific
resource unit of an SA resource pool, can also be used for
transmitting D2D data 1n a D2D data channel resource pool.
The discovery channel may correspond to a resource pool
for a message that enables a neighboring UE to discover
transmitting UE transmitting information such as ID of the
UE, and the like.

Although contents of D2D signal are identical to each
other, 1t may use a diflerent resource pool according to a
transmission/reception attribute of the D2D signal. For
example, 1n case of the same D2D data channel or the same
discovery message, the D2D data channel or the discovery
signal can be classified into a different resource pool accord-
ing to a transmission timing determination scheme (e.g.,
whether a D2D signal 1s transmitted at the time of receiving,
a synchronization reference signal or the timing to which a
prescribed timing advance 1s added) of a D2D signal, a
resource allocation scheme (e.g., whether a transmission
resource ol an individual signal 1s designated by an eNB or
an 1ndividual transmitting UE selects an individual signal
transmission resource from a pool), a signal format (e.g.,
number of symbols occupied by a D2D signal 1n a subirame,
number of subirames used for transmitting a D2D signal),
signal strength from an eNB, strength of transmit power of
a D2D UE, and the like. For clarity, a method for an eNB to
directly designate a transmission resource of a D2D trans-
mitting UE 1s referred to as a mode 1 (mode 3 in case of
V2X). If a transmission resource region 1s configured in
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advance or an eNB designates the transmission resource
region and a UE directly selects a transmission resource

from the transmission resource region, 1t 1s referred to as a
mode 2 (mode 4 in case of V2X). In case of performing D2D
discovery, 1f an eNB directly indicates a resource, 1t 1s
referred to as a type 2. If a UE directly selects a transmission
resource from a predetermined resource region or a resource
region indicated by the eNB, it 1s referred to as type 1.

SA Transmission/Reception

A mode-1 UE may transmit an SA (D2D control signal, or
sidelink control information (SCI)) in resources configured
by an eNB. For a mode-2 UE, the eNB configures resources
for D2D transmission. The mode-2 UE may select time-
frequency resources from the configured resources and
transmit an SA 1n the selected time-irequency resources.

An SA period may be defined as illustrated 1n FIG. 9.
Referring to FIG. 9, a first SA period may start 1n a subframe
spaced from a specific system Iframe by a predetermined
oflset, SAOfIsetlndicator indicated by higher-layer signal-
ing. Each SA period may include an SA resource pool and
a subframe pool for D2D data transmission. The SA resource
pool may include the first subiframe of the SA period to the
last of subirames indicated as carrying an SA in a subframe
bitmap, saSubirameBitmap. The resource pool for D2D data
transmission may include subirames used for actual data
transmission through application of a time-resource pattern
for transmission (1T-RPT) or a time-resource pattern (TRP) 1in
mode 1. As 1llustrated, if the number of subirames included
in an SA period except for an SA resource pool 1s larger than
the number of T-RPT bits, the T-RPT may be applied
repeatedly, and the last applied T-RPT may be truncated to
be as long as the number of remaining subirames. A trans-
mitting UE performs transmission at positions correspond-
ing to 1s set in a T-RPT bitmap 1n an indicated T-RPT, and
transmits one medium access control layer protocol data unit
(MAC PDU) four times.

Meanwhile, in V2V (vehicle to vehicle) communication,
a CAM (cooperative awareness message) ol a periodic
message type, a DENM (decentralized environmental noti-
fication message) of an event triggered message type, and
the like can be transmitted. The CAM can include dynamic
status 1nformation of a vehicle such as direction and veloc-
ity, static data of a vehicle such as a size, and basic vehicle
information such as external light status, path history, and
the like. A size of the CAM may correspond to 50 to 300
bytes. The CAM 1s broadcasted and latency should be less
than 100 ms. The DENM may correspond to a message
which 1s generated when an accidental status such as mal-
function of a vehicle, an accident, and the like occurs. A size
of the DENM may be less than 3000 bytes. All vehicles
located within a transmission range of the DENM can
receive the DENM. In this case, the DENM may have a
priority higher than a priority of the CAM. In this case, in the
aspect of a single UE, the higher priority means that the UE
preferentially transmits a message of a higher priority when
messages are transmitted at the same time. Or, the higher
priority means that the UE intends to preferentially transmit
a message ol a higher priority in time among a plurality of
messages. In the aspect of a plurality of UEs, since a
message of a higher priority receives less mterference com-
pared to a message ol a lower priority, 1t may be able to
lower a reception error rate. If security overhead 1s included
in the CAM, the CAM may have a bigger message size.

As an example of V2X communication implementation
examples, FIG. 10 1llustrates an example that terminals are
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moving by forming a group. As illustrated in FIG. 10, a
plurality of terminals can move by forming a platoon as a

terminal group. Since a physical distance 1s very close
between the terminals, a signal 1s very frequently transmit-
ted and received between the terminals. In this case, 1t 1s
necessary to reliably and stably transmit and receive the
signal between the terminals. In addition, 1t 1s necessary to
strictly observe delay time of message transmission/recep-
tion. Otherwise, due to the characteristic of group move-
ment, since the terminals are unable to 1dentify the existence
of the counterpart terminal, 1t may lead to an accident. In
particular, 1n case of the group movement, 1t 1S very 1mpor-
tant to select a radio resource between terminals not having
a resource collision. In the following, in order to satisiy the
requirement above, a method for terminals moving by
forming a group to select a resource 1s explained. In par-
ticular, a method for a terminal (first terminal) joining or
leaving a group to select a resource 1s mainly explained.

Embodiment

A first terminal recerves information on a group resource
pool of a terminal group, which moves by forming a platoon,
and can select a sub-pool (or a partial radio (time/frequency)
resource belonging to a resource pool of the terminal group)
to be used by the first terminal from the group resource pool
based on the information on the group resource pool. The
first terminal can transmit and receive a signal with at least
one or more terminals belonging to the terminal group via
the selected sub-pool. By doing so, the first terminal joins a
legacy terminal group and can move with the legacy termi-
nal group by forming a platoon.

In this case, the group resource pool may correspond to a
plurality of sub-pools on which time division multiplexing
(TDM) 1s performed. By doing so, 1t 1s able to solve a
half-duplex problem (when a specific terminal transmits a
signal, the specific terminal 1s unable to receive a signal
transmitted by a different terminal due to the signal trans-
mitted by the specific terminal) between terminals belonging,
to the same group. The sub-pool selected from the group
resource pool can be configured by a form 1llustrated 1n FIG.
11 (a) or an interleaved form 1llustrated 1n FIG. 11 (b). For
example, assume that a group resource pool includes N
number of subframes and F number of RBs. In this case, the
N number of subirames can be divided based on the (current
or maximum) number of members belonging to a group. (In
this case, the N number of subirames can be equally or
unequally divided. For example, when a group resource pool
1s unequally divided, more resources can be allocated to a
specific terminal (e.g., a leader of the group or a terminal
physically located at the first) belonging to a group.) Or,
cach of the N number of subiframes may configure a sub-
pool. A terminal can select one or more sub-pools. In this
case, 1t 1s necessary to differently configure a sub-pool
according to a terminal. And, it 1s necessary to configure a
terminal belonging to a group not to use a sub-pool which 1s
anticipated to be used by a different terminal belonging to
the same group. In this case, when the terminal does not use
the sub-pool which 1s anticipated to be used by a diflerent
terminal belonging to the same group, 1t means that the
terminal does not transmit a message for forming and
managing a group (e.g., a message for forming and main-
taining a platoon) and control information as well.

Meanwhile, group resource pool information (time/fre-
quency resource position, period, etc.) can be periodically
signaled by a leader terminal of a terminal group or a group
member terminal via physical layer/higher layer signaling. A
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pertod of the periodically signaled group resource pool
information may be longer than a message transmission
period 1n a terminal group. This 1s aimed at reducing
unnecessary overhead.

On the other hand, the group resource pool information
can be transmitted upon the request of a terminal. Specifi-
cally, when a first terminal transmits a joiming request to a
terminal group, a terminal, which has received the joining
request, can transmit the group resource pool information to
the first terminal in response to the joining request via
physical layer/higher layer signaling.

In the following, methods for the first terminal, which has
received the group resource pool information, to select a
sub-pool from a group resource pool 1s explained 1n detail.

As a first method, a sub-pool to be used by the first
terminal can be selected based on a physical location of the
first terminal 1n a terminal group. In this case, the physical
location may correspond to a location determined on the
basis of a terminal positioned at the very first (1n moving,
direction) 1n the terminal group that forms a platoon. Or,
when a moving direction of a terminal i1s expressed by a
vector, a location can be determined 1n a descending (or
ascending) order of a vector size on the basis of a specific
reference point. When a location 1s determined using the
method above, an 1ndex of a sub-pool can be mapped from
a reference terminal (e.g., the terminal positioned at the very
first or the specific reference point). When a first terminal
joins a group and positions of terminals belonging to the
legacy group change due to the first terminal, the terminals
can change a position of a sub-pool.

A terminal belonging to a group can periodically or
aperiodically signal information on a sub-pool used by the
terminal to neighboring terminals. In particular, information
on a sub-pool selected by a first terminal can be periodically
or aperiodically signaled to terminals belonging to the same
group. When the periodically signaled information on the
sub-pool selected by the first terminal 1s not received during
predetermined time, a second terminal can determine it as
the first terminal has lett the group. When the first terminal
leaves the group, the sub-pool selected by the first terminal
can be selected by a third terminal.

As a second method, the first terminal can (randomly)
select a sub-pool of which low energy or energy less than a
predetermined threshold 1s measured from a group resource
pool (according to a predetermined rule). When a terminal
newly joins a specific terminal group, the terminal measures
energy from each of sub-pools and selects a sub-pool of
which lowest energy or energy less than a predetermined
threshold 1s measured (randomly or according to a sub-pool
index (high or low)). According to the second method, since
a terminal autonomously selects a sub-pool without an
indication of a specific terminal belonging to the same
group, 1t 1s able to reduce signaling overhead.

As a third method, a sub-pool to be used by the first
terminal can be directly signaled by a specific terminal
(group leader, etc.) belonging to the same group. Specifi-
cally, for example, a group leader allows a terminal intend-
ing to join a group to use a resource and may be then able
to signal an index of a sub-pool to the terminal together with
a resource use allowance or without the resource use allow-
ance.

As briefly mentioned 1n the foregoing description, the first
terminal may leave a group. In order to leave the group, the
first terminal can transmit a (physical layer or higher layer)
signal indicating that the first terminal 1s going to leave the
group 1n a minute or a signal indicating that the terminal 1s
not going to use a currently used resource soon or later to a
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specific terminal or all terminals belonging to the group.
Having received the signal, a terminal assumes that a
sub-pool used by the first terminal 1s empty after prescribed
time elapses from the timing at which the signal 1s received
and may be then able to attempt to use the sub-pool. In order
to avoid a resource collision, information indicating that a
terminal belonging to a group leaves the group or informa-
tion indicating that the terminal i1s not going to use a
currently used resource soon or later can be signaled to a
specific terminal or a part of terminals belonging to the
group. 1o this end, a timer or a counter may operate from the
timing at which the information 1s signaled. In order to
secure reliability for a group leaving process, a signal
indicating whether or not a terminal leaves a group can be
transmitted several times. When a terminal receives the
information more than a predetermined count, the terminal
operates a timer/counter. When prescribed time elapses after
the timer/counter operates, the terminal may determine that
a sub-pool used by the terminal, which has transmitted the
signal, 1s available.

As mentioned earlier 1 the sub-pool selection, when a
specific terminal periodically transmits mformation on the
use of a sub-pool to neighboring terminals belonging to the
same group, the terminals can implicitly determine whether
or not the specific terminal leaves the group by receiving the
message. For example, when the information on the use of
a sub-pool used by the specific terminal 1s not received
during a predetermined time period or 1s not (continuously)
received for a predetermined count, 1t may determine 1t as
the specific terminal has left the sub-pool. Hence, 1t may
allow the neighboring terminals to use the sub-pool. How-
ever, 1n this case, since whether or not a specific message 1s
received varies depending on a terminal, information on
whether or not a sub-pool 1s used can be differently 1denti-
fied according to a termuinal. As a result, when a new
terminal joins a group, the new terminal may receive dif-
ferent information. In this case, the new terminal may
determine that a union of sub-pools used by terminals
belonging to a legacy group 1s already used. The new
terminal can select a sub-pool not 1n use from the sub-pools.

When terminals belonging to a group or a specific termi-
nal signals information on sub-pools used by the terminal(s)
or information on sub-pools used in a group resource pool 1n
response to a periodic/aperiodic/specific event, a newly
joining terminal may use a sub-pool indicated by the specific
terminal among the remainming sub-pools not 1 use. Or, the
newly joiming terminal may randomly select a sub-pool from
among the remaining sub-pools not in use and use the
selected sub-pool.

Meanwhile, when a terminal uses a specific sub-pool, 1f a
status of the specific sub-pool 1s poor, the terminal may
change the specific sub-pool. In this case, similar to a joining
or leaving operation, the terminal can transmit a signal
indicating that the terminal 1s not going to use the specific
sub-pool to neighboring terminals via physical layer signal-
ing or higher layer signaling. And, a specific terminal
belonging to the same group may indicate the terminal to use
a different sub-pool. Or, the terminal can autonomously
transmit a signal indicating that the terminal 1s going to use
a specific sub-pool to the neighboring terminals. When the
terminal changes a sub-pool, the terminal can signal a
measurement result measured at the sub-pool to the neigh-
boring terminals.

A terminal corresponding to a member of a group can
change a sub-pool of the terminal whenever a new packet 1s
transmitted. In particular, a position of a sub-pool can be
changed according to a predetermined pattern. The afore-
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mentioned contents can be applied not only to D2D com-
munication, but also uplink or downlink. In this case, the

proposed method can be used by a base station, a relay node,
and the like.

In the foregoing description for clarity, a signal transmit-
ted by a vehicle terminal 1s referred to as a CAM or a
DENM. However, the principle of the present invention can
also be applied to signals not referred to as the CAM or the
DENM. When a signal 1s transmitted in a manner of
including information on the proposed method, the signal
can be 1ncluded in the scope of the present invention.

Examples for the aforementioned proposed methods can
also be included as one of implementation methods of the
present invention. Hence, 1t 1s apparent that the examples are
regarded as a sort of proposed schemes. The atorementioned
proposed schemes can be independently implemented or can
be implemented in a combined (aggregated) form of a part
ol the proposed schemes. It may be able to configure an eNB
to imnform a UE of information on whether to apply the
proposed methods (information on rules of the proposed
methods) via a predefined signal (e.g., physical layer signal
or upper layer signal). Or, 1t may be able to define a rule that
a Tx UE signals the information to an Rx UE or the Rx UE
requests the information to the Tx UE.

Configurations of Devices for Embodiments of the
Present Invention

FIG. 12 1s a diagram for configurations of a transmit point
apparatus and a UE.

Referring to FIG. 12, a transmit point apparatus 10 may
include a receive module 11, a transmit module 12, a
processor 13, a memory 14, and a plurality of antennas 15.
The antennas 15 represent the transmit point apparatus that
supports MIMO transmission and reception. The receive
module 11 may receive various signals, data and information
from a UE on an uplink. The transmit module 12 may
transmit various signals, data and information to a UE on a
downlink. The processor 13 may control overall operation of
the transmit point apparatus 10.

The processor 13 of the transmit point apparatus 10
according to one embodiment of the present invention may
perform processes necessary for the embodiments described
above.

Besides, the processor 13 of the transmit point apparatus
10 may {function to operationally process information
received by the transmit point apparatus 10 or information to
be transmitted from the transmit point apparatus 10, and the
memory 14, which may be replaced with an element such as
a buller (not shown), may store the processed information
for a predetermined time.

Referring to FIG. 12, a UE 20 may include a receive
module 21, a transmit module 22, a processor 23, a memory
24, and a plurality of antennas 25. The antennas 25 represent
the UE that supports MIMO transmission and reception. The
receive module 21 may receive various signals, data and
information from an eNB on a downlink. The transmuit
module 22 may transmit various signals, data and informa-
tion to an eNB on an uplink. The processor 23 may control
overall operation of the UE 20.

The processor 23 of the UE 20 according to one embodi-
ment of the present mvention may perform processes nec-
essary for the embodiments described above. Specifically,
the processor receives group resource pool information of a
terminal group moving by forming a platoon via the receive
module, selects a sub-pool to be used by a first terminal from

a group resource pool based on the group resource pool
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information, and can transmit and receive a signal with at
least one or more terminals belonging to the terminal group
via the selected sub-pool.

In addition, the processor 23 of the UE device 20 may
perform a function of processing imnformation received by
the UE device 20, information to be transmitted by the UE
device 20, and the like. The memory 24 may store the
processed information during a prescribed time period and
be substituted with a component such as a bufler (not shown
in the drawing) or the like.

The configurations of the transmission point device and
the UE device may be implemented such that the above-
described embodiments can be independently applied or two
or more thereof can be simultaneously applied, and redun-
dant description 1s omitted for clarity

The description of the transmission point device 10 1n
FIG. 12 may be equally applied to a relay as a downlink
transmission entity or an uplink reception entity, and the
description of the UE device 20 1n FIG. 12 may be equally
applied to a relay as a downlink reception entity or an uplink
transmission entity.

The embodiments of the present invention may be imple-
mented through various means, for example, hardware,
firmware, software, or a combination thereof.

In a hardware configuration, the embodiments of the
present disclosure may be achieved by one or more appli-
cation specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), processors, controllers,
microcontrollers, microprocessors, etc.

In a firmware or software configuration, a method accord-
ing to embodiments of the present disclosure may be 1mple-
mented 1n the form of a module, a procedure, a function, etc.
Software code may be stored 1n a memory unit and executed
by a processor. The memory umit is located at the interior or
exterior of the processor and may transmit and receive data
to and from the processor via various known means.

As described before, a detailed description has been given
of preferred embodiments of the present disclosure so that
those skilled in the art may implement and perform the
present disclosure. While reference has been made above to
the preferred embodiments of the present disclosure, those
skilled 1n the art will understand that various modifications
and alterations may be made to the present disclosure within
the scope of the present disclosure. For example, those
skilled 1n the art may use the components described in the
foregoing embodiments 1n combination. The above embodi-
ments are therefore to be construed 1n all aspects as 1llus-
trative and not restrictive. The scope of the disclosure should
be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are itended to be embraced therein.

Those skilled in the art will appreciate that the present
disclosure may be carried out in other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present disclosure. The above
embodiments are therefore to be construed 1n all aspects as
illustrative and not restrictive. The scope of the disclosure
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein. It 1s
obvious to those skilled in the art that claims that are not
explicitly cited 1n each other 1n the appended claims may be
presented 1n combination as an embodiment of the present
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disclosure or included as a new claim by a subsequent
amendment after the application 1s filed.

INDUSTRIAL APPLICABILITY

The above-described embodiments of the present disclo-
sure are applicable to various mobile communication sys-
tems.

What 1s claimed 1s:

1. A method performed by a first terminal 1n a wireless
communication system, the method comprising:

receiving at least one sidelink synchronization signal to

synchronize to at least one terminal 1n a terminal group;
receiving group resource pool information including
information of a plurality of sub-pools which 1s allo-
cated to each of terminals of the terminal group;
selecting at least one of the sub-pools to be used by the
first terminal from a group resource pool based on the
group resource pool information; and
transmitting, to the at least one terminal belonging to the
terminal group, data via the at least one of the sub-
pools,

wherein the terminals of the terminal group form a

platoon,

wherein mnformation on the at least one of the sub-pools

1s periodically signaled to the at least one terminal
belonging to the terminal group, and

wherein, based on the signaling of the periodically sig-

naled information being failed during a predetermined
time period, a leaving of the first terminal 1s determined
at the at least one terminal.

2. The method of claim 1, wherein the group resource
pool includes a plurality of sub-pools that are time division
multiplexed 1n the group resource pool.

3. The method of claim 1, wherein the group resource
pool information 1s periodically signaled by a leader termi-
nal of the terminal group.

4. The method of claim 3, wherein a period of the
periodically signaled group resource pool iformation 1s
longer than a message transmission period within the ter-
minal group.

5. The method of claim 1, further comprising transmaitting,
by the first terminal, a joining request to the terminal group.
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6. The method of claim 5, wherein the group resource
pool mformation 1s transmitted by a terminal, which has
received the joining request, in response to the joiming
request.

7. The method of claim 2, wherein the at least one of the
sub-pools to be used by the first terminal 1s selected based
on a physical location of the first terminal 1n the terminal
group.

8. The method of claim 1, wherein, based on the leaving
of the first terminal being determined, the at least one of the
sub-pools 1s available.

9. The method of claim 2, wherein the at least one of the
sub-pools to be used by the first terminal corresponds to a
sub-pool of which a lowest energy 1s measured 1n the group
resource pool.

10. The method of claim 1, wherein the first terminal
moves together with the terminal group by forming a
platoon by transmitting and receiving data.

11. A first terminal 1n a wireless communication system,
the first terminal comprising;

a transcelver; and

a processor coupled to the transceiver and configured to:

receive at least one sidelink synchronization signal to
synchronize to at least one terminal 1n a terminal group;

receive group resource pool information including infor-
mation of a plurality of sub-pools which 1s allocated to

cach of terminals of the terminal group;

select at least one of the sub-pools to be used by the first
terminal from a group resource pool based on the group
resource pool iformation; and

transmit, to the at least one terminal belonging to the
terminal group, data via the at least one of the sub-

pools,
wherein the terminals of the terminal group form a

platoon,
wherein information on the at least one of the sub-pools

1s periodically signaled to the at least one terminal
belonging to the terminal group, and
wherein, based on the signaling of the periodically sig-
naled imnformation being failed during a predetermined
time period, a leaving of the first terminal 1s determined
at the at least one terminal.
12. The first terminal of claim 11, wherein the group
resource pool includes a plurality of sub-pools that are time
division multiplexed in the group resource pool.
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